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1 Introduction

In RAN1#90bis meeting, NR FDD operations was discussed and it was agreed that common framework between NR FDD and NR TDD should be used/starved [1]. 

Agreements:

· Same scheduling framework is supported for paired and non-paired spectra 

· Note: This applies to both slot based and non-slot (mini-slot) based scheduling

· Note: This includes that data transmission can be indicated with start symbol and duration

· Note: this also includes SFI

· Same HARQ framework is supported for paired and non-paired spectra

· Dynamic HARQ management is supported in the same way for both paired and non-paired spectra

· All PUCCH formats are supported for both paired and non-paired spectra

· Unless necessary, no intention to distinguish paired vs. non-paired spectra in the relevant specifications
Agreements:

· It is already possible to have an offset between DL and UL by using UL TA. 

· No additional specification impact is necessary

· Note: the finalizing the UL TA range of values will take into account the need of the offset
Conclusion:

· The UL carrier information is already in RMSI

· No additional spec impact is necessary

Then, in RAN1#91 meeting, the following agreed having RRC impact was agreed. 

Agreements:

· A single SFI table is defined in the specification 

· Regarding SFI for FDD

· For DL slots, the only possible configurable states include DL and unknown in Rel-15

· For UL slots, the only possible configurable states include UL and unknown in Rel-15

This contribution discusses the remaining issues in supporting NR FDD. It was observed that existing components in NR can already efficiently support FDD operations. 
2 Discussions  
As discussed and concluded in last RAN1 meetings, common framework are supported for NR FDD and NR TDD. It applies at least for scheduling and HARQ. One potential open issue is whether/how to support generation of an offset between DL slot and UL slot in NR FDD. In this way, it supports full slot PDSCH transmission by short PUCCH based HARQ-ACK feedback with 2 HARQ processes [3]. As discussed in [2], multiple ways other than introducing DL/UL slot offset can get the same benefits and are specification transparent. In brief, the identified schemes at least includes,

1) A slightly larger TA (e.g. about 20us similar to LTE TDD) can be configured by the gNB to allow switching and processing time; 
2) By configuring a CORESET not starting from symbol 0, at least one symbol for switching and processing at the gNB is generated;

3) If larger gNB/UE processing time is needed, a long PUCCH with short duration (can be 4 at minimum) can be used to generate a gap. The gap generated by long PUCCH is almost same to short PUCCH, i.e. 10 versus 13. On the other hand, long PUCCH can support UE multiplexing so that the resource efficiency is also similar to short PUCCH. 
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Figure 1: HARQ operations with long PUCCH
If an offset is desired in certain scenario, the only way to support it is managing TA configured to UEs. TA handling can be transparent i.e. gNB can configure a larger TA which compensates propagation delay, and further move UL slot advance (e.g. by several symbols) to generate the offset. In LTE, TA is quantized to 11bits with granularity of 0.52us. The supported TA value range is from 0 to 1282, which is dimensioned to support cell size of 100km. Then, NR supports12 bits TA which could support cell size of up to 300km. A normal cell size will be much smaller than 300km. Therefore, gNB practically has the freedom to configure a larger TA to generate an offset (further time advance) between DL slot and UL slot in addition to propagation delay compensation, as shown in Figure 2. 
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Figure 2: Larger TA to generate an offset

Observation 1:

· Multiple ways other than introducing DL/UL slot offset can reduce latency of PDSCH HARQ transmission;
· gNB may configure a larger TA (always positive values) to manage offset between DL slot and UL slot in addition to propagation delay compensation transparently. 
Proposal 1:
· Negative TA (time lag actually) is not supported in NR. 

3 Conclusions
In this contribution, we provide our views on remaining issues to optimize FDD operations. We make the following observations. 
Observation 1:

· Multiple ways other than introducing DL/UL slot offset can reduce latency of PDSCH HARQ transmission;

· gNB may configure a larger TA (always positive values) to manage offset between DL slot and UL slot in addition to propagation delay compensation transparently. 
Proposal 1:
· Negative TA (time lag actually) is not supported in NR. 

References
[1] Chairman notes for RAN1#90bis
[2] R1-1717695,
“FDD Operation”, Samsung

[3] R1-1717982,
“Discussion on FDD support in NR”, LG Electronics
PAGE  
1

_1572266051.vsd
DL grant


DL data 0


slot


DL grant


DL data 1


DL grant


DL data 0


Long PUCCH


slot


Long PUCCH


Long PUCCH



_1572460488.vsd
DL timing at gNB


DL RX timing at UE


slot n


slot n+1


UL TX timing at UE


slot n


slot n+1


UL RX timing at gNB


slot n


slot n+1


slot n


slot n+1


Propagation delay Tp


TA=2Tp+offset


Tp


offset



